The software package which allows to automate the visual monitoring of the spacecraft docking approach with the international space station is being considered. The initial data for this complex is the video signal received from the TV-camera, mounted on the spacecraft board. The offered algorithms of this video signal processing in real time allow to restore the basic characteristics of the spacecraft motion with respect to the international space station. The results of the experiments with the described software and real video data about the docking approach of the spacecraft Progress with the International Space Station are being presented. The accuracy of the estimation of the motion characteristics and perspectives of the use of the package are being discussed.
INTRODUCTION
One of the most difficult and crucial stages in managing the flights of space vehicles is the process of their docking approach. The price of a failure at performing of this process is extremely high. The safety of crew, station and space vehicles also in many respects depends on a success of its performance.
The radio engineering means of the docking approach, which within many years have been used at docking of the Russian space vehicles, are very expensive and do not allow to supply docking to not cooperated station.
As reserve methods of docking approach monitoring the manual methods are applied, for which in quality viewfinders the optical and television means are used. For docking approach of the pilotless cargo transport vehicle Progress to the orbital station Mir a teleoperation mode of manual control (TORU) was repeatedly used, at which realization the crew of the station, having received the TV image of the station target from a spacecraft, carried out the manual docking approach.
At the center of the flight management the control of objects relative motion parameters (range, speed, angular deviations) should also be carried out. The semi-automatic TV methods of the monitoring which are being used till now, do not satisfy the modern requirements anymore. Recently appeared means of both the methods of the visual data acquisition and processing provide an opportunity of the successful task decision of a complete automatic determination and control of space vehicles relative motion parameters.
The variant of a similar complex (determining parameters of the docking approach of the spacecraft (SC) with the International Space Station (ISS), on the TV image) is being described below.
The program complex for an automation of the visual control of the docking process of the SC with the ISS (further for brevity -complex) is intended to process in real time on the computers such as IBM PC the ISS TV-image, transmitted with the camera onboard SC, with the purpose of the SC and ISS relative location definition. The TV-signal is inputted into computer with the help of the framegrabber. Besides that, the opportunity of the processing already digitizing of sequences of the avi format images is stipulated. All complex is realized in OS Windows 98-XP.
An ultimate goal of the complex development is a complete automation of the visual monitoring of SC and ISS docking approach from the moment of ISS visibility in the TV-camera field of view (about 500 m) and up to the complete SC and ISS docking.
In the basic integrated steps -stages of the acquisition and processing of the visual data the complex works similarly to the operator -person.
The complex in addition (in relation to the person -operator) calculates and displays in the kind, accepted for the analysis, parameters describing the docking process.
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MEASURING SUBSYSTEM
The purpose of this software subsystem is the extraction of the objects of interest from the images and performance of measurements of the points' coordinates and sizes of these objects. To achieve this purpose it is necessary to solve four tasks: 1) Extraction of the region of interest (ROI) position on the current image.
2) Preprocessing of the visual data inside the ROI.
3) Extraction (recognition) of the objects of interest.
4) Performing of the measurements of the sizes and coordinates of the recognized objects.
All the listed above operations should be performed in real time. The real time scale is determined by the television signal frame rate. The other significant requirement is that in the considered software complex it is necessary to perform updating of the spacecraft motion parameters with a frequency of no less than 1 time per second.
For reliability growth of the objects of interest the extraction from the images of the following features are provided: 1) Automatic adjustments of the brightness and contrast of the received images for the optimal objects of interest recognition.
2) Use of the objects of interest features of the several types. Such features duplication (or even triplication) raises reliability of the image processing when not all features are well visible.
3) Self-checking of the image processing results on a basis of the a priori information about the observed scenes structure.
The ways of performing the calculation of the ROI position on the current image are: 1) Calculation of the ROI coordinates ( fig. 1 ) on the basis of the external information (for example, with taking into account a scene structure or by the operator selection).
2) Calculation of the ROI coordinates and sizes on the basis of the information received from the previous images processing.
The second (preprocessing) task is solved on the basis of the histogram analysis. This histogram describes a brightness distribution inside the ROI. The brightness histogram should allow the reliable transition to the binary image. In the considered task the brightness histogram is approximately bimodal. The desired histogram shape is provided by the automatic brightness and contrast control of the image source device. At the third processing stage the extraction of the objects of interest is performed. These objects are the station contour, the docking unit disk, the target cross and the target disk with small labels. The main features are the station contour, the cross and the target labels. These features are considered the main structured elements of the recognized scene and used for measurement. At features extraction both edge-based (Canny, 1986; Mikolajczyk et al., 2003) and region-based methods are used (Sonka et al., 1999) . The fourth operation (performing of the measurement) is very straightforward. But for this operation it is necessary to recognize the reliable objects results from the previous processing stages.
CALCULATION PART
Preprocessing of a frame (more exactly, a halfframe) gives the following information:
T -reference time of a frame (in seconds from a beginning of video data input); 
-coordinates of the center of the circle, which is the station outline, and its radius (real numbers).
Here all coordinates are expressed in pixels. Some numbers of can be equal to zero.
For example, the equality means the absence of the data , . Successful preprocessing a frame always gives the values of and , but if there is an opportunity, when appropriate , those quantities are determined once again by original information. Bellow we describe the calculation of those quantities in the case when and . If differs from zero, the data are used in other way (see bellow).
Determining the coordinates of the cross center. We change the data As a rule, and do not exceed 1.5 pixels.
Determining the radius and the center of the target circle is realized in two stages. In the first stage, we obtain preliminary estimations of these quantities based on elementary geometry. In the second stage, we solve the least squares problem minimizing the expression
by Gauss-Newton method [1] . Let its solution be . As a rule, | | and do not exceed 1.5 pixels. Below for simplicity of notations, we will not use an asterisk in designations of recomputed parameters.
Basic geometrical ratios
We use the right Cartesian coordinate system , which is connected with the target. The point is the center of the target circle, the axis is directed perpendicularly to the circle plane away from station, i.e. is parallel a longitudinal axis of the Service module, the axis intersects a longitudinal axis of the docking device on the Service Module. Also, we use right Cartesian coordinate system connected with the TV camera on the spacecraft. The plane is an image plane of the camera, the axis is a camera optical axis and directed on movement of the spacecraft, the axis intersects an axis of the 
Here are coordinates of the point in the system . 
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The center of the cross in the system has the coordinates . In this case under the similar simplification, we have
The radius r of the target circle and radius of its image in the image plane are connected by the ratio
The last three ratios allow to express , and through , and . Then it is possible to find The processing a frame is considered to be successful, if the quantities
were estimated. As a result of successful processing a sequence of frames, it is possible to determine spacecraft motion with respect to the station. The successfully processed frames are used only for motion determination.
Algorithm for determination of the spacecraft motion
The spacecraft motion is determined in real time as a result of step-by-step processing of a sequence of TV images of the target. The data are processed by separate portions. The portions have a fixed volume or they are formed by the data gathered on time intervals of fixed length. In the processing of the second and subsequent portions, the results of processing of the previous portions are taken into account.
In each portion is processed in two stages. The first stage consists in determining the motion of the spacecraft center of mass; the second stage consists in determining the spacecraft attitude motion. 
-the second one, with indexes
The first data portion is processed by a usual method of the least squares. The first stage consists in minimization of the functional
Here , is a vector of the coefficients, which specify the functions , , is positive numbers (weights). The minimization is carried out by Gauss -Newton method [1] . The estimation ) (
z of z and the covariance matrix of this estimation are defined by the formulas
Here is the matrix of the system of the normal equations arising at minimization of . The matrix is calculated at the point
z . At the second stage, the quantities
are calculated and three similar linear regression problems
are solved using the standard least squares method [2] . We content ourselves with description of estimating the couple of parameters . We unite them in the vector . The estimations and provide the minimum to the quadratic form
Let
be the matrix of this form. Then the covariance matrix of the vector is . 
Here q′ is a parameter, . Let be the matrix of this form. The covariance matrix of the estimation is .
The third and subsequent data portions are processed analogously to the second one. The formulas for processing the portion with number are obtained from the formulas for processing the second portion by replacement of the indexes expressed the portion number:
, . 
, which is caused by errors in the mathematical model at transition from the time interval Unfortunately, the matrix is unknown. In such situation, it is natural to take . One has
. The described choice of means, that procession of the n -th data portion takes into account the data of the previous portions. The data of the -th portion are taken in processing with the weight 1, the n C n ) 1 ( − n -th portion is attributed the weight , the q ) 2 ( − n -th portion has the weight , etc.
q
The results of processing the -th data portion are represented by numbers ,
. We calculate also the quantities 2 Fig. 5, 6 give examples of the operation of the described algorithm estimating the spacecraft motion. Fig. 5 
EXAMPLES
. The values of all these functions were calculated at the last instants of processed data portions. These values were shown by marks. Each portion contained 10 instants with measurements:
. For clearness, the markers were connected by segments of straight lines, therefore presented plots are broken lines. Only the vertexes of these broken lines are significant. Their links are only interpolation, which is used for visualization and not always exact. As it is shown in fig. 6 , the spacecraft motion on the final stage of docking was defined rather accurately. Figure 7 shows an examples of the basic screen of the main program of a complex.
CONCLUSION
The described software package is used now as a means allowing the ground operators to receive the information on the motion parameters of the spacecraft docking to ISS in real time. The most essential part of this information is transferred to the Earth (and was always transferred) on the telemetering channel. It is also displayed on the monitor. However this so-called regular information concerns the current moment and without an additional processing can't give a complete picture of the process. Such an additional processing is much more complicated from the organizational point of view and more expensive than processing the video image. It is necessary to note, that the estimation of kinematical parameters of the moving objects on the video signal, becomes now the most accessible and universal instrument of solving such kind of problems in situations, when the price of a failure is rather insignificant. Figure 7 : An example of the monitoring system main window. The distance is 5.3 meters. The main window is divided onto four parts. In the top left part the TV-camera field of view is displayed. In the bottom left part the ballistic trajectory of ISS and the day and night areas are shown. In the top right part the phase chart is displayed. In the bottom right part the 3D model of the ISS and spacecraft are rendered. In the grey panel (near the right edge of the main window) the current system parameters are displayed (the spacecraft speed, distance, orientation etc.).
